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The aim of this study was to evaluate the changes in chest CT findings examined successively in patients with 
Mycobacterium avium-intracellulare complex (MAC) infection. We carried out a retrospective study of 25 patients 
with MAC infection who had serial CT scans. Patients included 18 women and seven men with a median age of 66 
years. Mean ( & SE) follow-up interval between the first and second CT was 27.5 f 4.2 months. 
The serial chest CT scans were reviewed with consensus reading by two observers. At the first chest CT 
examination, we found the following: bronchiectasis (in 133 of 250 fields), cavity formation (11 of 250 fields), 
centrilobular nodules (167 of 250 fields), air-space disease (30 of 250 fields) and nodules (81 of 250 fields). The middle 
lobe and lingula were frequently involved. Centrilobular nodule scores improved in seven patients; disease 
progressed in nine patients and was stable in nine patients. In addition, bronchiectasis scores improved in four 
patients; disease progressed in 15 patients and was stable in six patients. The score of bronchiectasis in the second 
CT was significantly higher than in the first CT. In conclusion, our data suggest that centrilobular nodules and 
bronchiectasis are frequent observations in patients with MAC. In addition, progression of bronchiectasis appeared 
to be caused by MAC infection. 
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Introduction 
Pulmonary infection caused by Mycobacterium avium- 
intracellular complex (MAC) in patients without predispos- 
ing conditions has become an increasingly common clinical 
problem (l-3). From analysis of chest CT scans in patients 
with MAC, it has been suggested that bronchiectasis is an 
important radiological finding in the diagnosis of MAC 
infection (48). It has also been reported that bronchiectasis 
is more frequently observed in patients with MAC infection 
than in patients with Mycobacterium tuberculosis infection 
(7). In addition, Moore has suggested that bronchiectasis 
is not a pre-existing condition but results from MAC infec- 
tion (6). However, it is still unclear whether MAC leads to 
progressive lung or airways infection. Our study was 
designed to evaluate the changes in successive chest CT 
examinations in patients with MAC. 
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Materials and Methods 
PATIENTS 
A retrospective study of all positive pulmonary specimens 
(sputum or bronchoalveolar lavage) cultured for MAC 
from January 1995 to December 1996 was performed. 
From chart reviews, we determined whether MAC had 
caused pulmonary infection. The criteria for MAC pulmon- 
ary infection followed the requirements adopted by the 
American Thoracic Society (1990) (9). Briefly, for patients 
with a cavitary infiltrate on chest radiograph, definite MAC 
infection was considered to be present when: 1. two or more 
sputums (or a sputum and a bronchial lavage) are acid-fast 
bacilli smear-positive and/or result in moderate to heavy 
growth. of MAC on culture; 2. other reasonable causes for 
the disease process have been excluded, e.g. fungal infec- 
tion, malignancy, tuberculosis, etc. In the presence of a 
noncavitary infiltrate not attributed to another disease, 
MAC lung infection is considered to be present when: 1. 
two or more sputums (or a sputum and a bronchial lavage) 
are acid-fast bacilli smear-positive and/or result in moder- 
ate to heavy growth on culture; 2. the sputum cultures fail 
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TABLE 1. Scoring system to evaluate radiological findings 
Radiological findings Degree Score 
Centrilobular nodules (less than 5 mm) None 0 
O-50% in segment 1 
50-100% in segment 2 
All 3 
Nodules (more than 5 mm) No 0 
Yes 1 
Bronchiectasis No 0 
Mild (less than twice*) 1 
Moderate (more than twice*) 2 
Cystic 3 
Air space No 0 
Yes 3 
Cavity No 0 
Yes 3 
*In comparison with the diameter of adjacent bronchioles. 
to convert to negative with either bronchial hygiene or 2 
weeks of specific mycobacterial drug therapy; and 3. other 
reasonable causes for the disease have been excluded. 
According to the American Thoracic Society criteria, 12 of 
154 cases were judged to be MAC infection. Chest CT scans 
were performed in 58 of the 72 patients with MAC infec- 
tion. Twenty-five of the 58 patients had serial CT scans, and 
these 25 patients were included in this study. These included 
18 women and seven men, and median age was 66 years 
(range 36-85). The follow-up interval between the first and 
second CT was 27.5 f 4.2 months (mean f SE). 
MICROBIOLOGICAL FINDINGS 
The isolation method of non-tuberculous mycobacterial 
(NTM) has been previously described (10). NTM were 
screened with p-nitrobenzoic acid-Ogawa egg medium (11). 
Identification of MAC was made using either the AMPLI- 
COR MYCOBACTERIUM (Roche Diagnostic Systems, 
Branchburg, NJ, U.S.A.) system or Probe (Kyokuto Phar- 
maceutical Industrial Co. Ltd, Tokyo, Japan) tests (12). 
RADIOLOGICAL EVALUATION 
Nineteen patients underwent conventional CT examin- 
ation, and six underwent high-resolution CT (HRCT) 
examination. The CT scans were reviewed with consensus 
reading by two blinded observers experienced in CT. 
To localize the infection, the lungs of each patient were 
divided into 10 fields (right lung: Sl+S2, S3, S4+S5, S6, 
and S7+S8+S9+SlO; left lung: S1+2, S3, S4+S5, S6, and 
S8+S9+SlO) according to Moore’s definition (6). Each 
field was scored with reference to presence of bronchiec- 
tasis, centrilobular nodules, air-space disease, cavity, 
and nodules of size more than 10 mm. The severity 
of bronchiectasis was categorized as grade 1 (diameter of 
the bronchus was less than twice as large as adjacent 
bronchioles), grade 2 (diameter of the bronchus was at least 
twice as large as adjacent bronchioles), or grade 3 (cystic 
bronchiectasis). The distribution of centrilobular nodules 
(size less than 5 mm) was categorized as grade 1 (O-50% of 
the segment), grade 2 (SO-100% of the segment), or grade 3 
(entire segment). Air-space disease was defined as an area of 
patchy or dense consolidation (6). Air-space disease and 
cavity formation were categorized as grade 3 due to reports 
that these two findings are closely related to clinical features 
(positive sputum culture) (8). Nodules sized over 5 mm were 
also scored. A summary of the scoring system is shown in 
Table 1. 
DATA ANALYSIS 
The comparison of scores between fields or segments was 
performed using the Student’s t-test. A comparison of the 
radiological findings between the first and second CT scans 
was performed by the non-parametric Wilcoxon rank-order 
test. P-values of less than 0.05 were judged as significant. 
Results 
In the first chest CT examination, the frequencies of several 
radiological findings were as follows. Bronchiectasis: 133 of 
250 fields, total score 186 points; cavity formation: 11 of 
250 fields, total score 33 points; centrilobular nodules: 167 
of 250 fields, total 194 points; air-space disease: 30 of 250 
fields, total 90 points; and nodules: 81 of 250 fields, total 81 
points (Fig. 1). 
Centrilobular nodule scores improved in seven patients; 
disease progressed in nine patients, and was stable in nine 
patients. In addition, bronchiectasis scores improved in 
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FIG. 1. Frequency (a) and total scores (b) of several radiological findings in the first chest CT examination. 
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FIG. 2. Mean score of 25 patients for each field of the right lung (a) and the left lung (b). Data are mean & SE (bars). 
four patients; disease progressed in 15 patients, and was Fig. 2(b) shows the mean score of 25 patients for each 
stable in six patients. field of the left lung. The score for S4+5 (3.6 f 0.47, 
Fig. 2(a) shows the mean score of 25 patients for each mean If: SE) was significantly higher than both the score for 
field of the right lung. The score for S4+5 (3.00 f 0.29, Sli-2 (1.44 Ifr 0.37, P<O.OOl) and the score for S3 
mean & SE) was significantly higher than both the score for (1.96 +z 0.33, P<O.Ol). 
S3 (1.64 f 0.33; P<O.Ol) and the score for S6 (1.68 f 0.32, Fig. 3 shows the change in scores centrilobular nodules 
PCO.01). and bronchiectasis between the first and second CT 
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FIG. 3. The change in score for centrilobular nodules and bronchiectasis between the first and second CT scans. Data are 
mean l SE (bars). 
scans. Although the score for centrilobular nodules was 
not changed significantly, the bronchiectasis score was 
significantly increased (P<O*O5). 
Discussion 
This study aimed to evaluate radiological findings and 
changes in chest CT findings in patients with MAC. We 
analysed data from 25 patients with MAC who had under- 
gone serial CT scans and demonstrated the progression of 
bronchiectasis. 
MAC are ubiquitous pathogens that have been found 
in soil, domestic tap water and animals (13). Pulmonary 
infection from MAC has a wide spectrum of clinical 
presentation, from simple pneumonic infiltrate to progres- 
sive destructive disease (13-15). It was previously believed 
that the majority of patients with MAC pulmonary infec- 
tion had chronic underlying lung disease such as pneumo- 
coniosis, bronchiectasis, chronic bronchitis and emphysema 
(1,13). However, MAC is now increasingly recognized as an 
infective agent in immunocompetent patients, especially 
women, without pre-existing pulmonary disease (1). Our 
study is consistent with these observations, as all 25 patients 
in our study had no underlying disease and most of our 
patients were women. 
Due to the non-aggressive nature of MAC infection, it 
may be difficult to document disease progression (or 
response to treatment) by chest radiography. In addition, 
radiological diagnosis of atypical mycobacterial infection 
from plain radiographs may be difficult in the absence of 
cavitary disease because the findings may be subtle. There- 
fore, chest CT scan is a useful tool in diagnosing atypical 
mycobacterial infection (4-8). Hartman et al. described 
retrospective evidence which suggested that the concomi- 
tant findings of bronchiectasis and multiple small well- 
circumscribed lung nodules were indicative of infection with 
MAC (4). They also indicated that there is a subtype of 
patients (predominantly older women with no underlying 
malignancy or not clinically immunocompromised) with 
MAC with a characteristic chest CT pattern (4). They 
reported that CT scans from such patients showed nodular 
infiltrate with small nodules (less than 5 mm in diameter) in 
association with bronchiectasis. In our study, centrilobular 
CLINICAL FEATURES OF NON-TUBERCULOUS MYCOBACTERIUM 15 
nodules and bronchiectasis were frequently observed 
together, suggesting their importance in diagnosing MAC 
infection, It has also been reported that bronchiectasis 
together with circumscribed nodules is an important 
radiological finding in MAC infection (5-8). 
In order to localize the infection, each lung was divided 
into five fields. As a result, the total scores in the 
right middle lobe and left lingula were relatively high 
compared to other fields. This result is compatible with 
previous reports (8,16,17). In addition, in the mean 
score per segment, scores for basilar segments (S7, S8, S9, 
and SIO) and S1+2 were relatively low compared to other 
segments. 
We have clearly demonstrated the progression of bron- 
chiectasis. As patients with other pathogenic bacteria or 
fungi were excluded, we assumed that any significant pro- 
gression of bronchiectasis in chest CT abnormality was 
mainly caused by MAC infection. Although Moore also 
suggested the subsequent development and progression of 
bronchiectasis in 10 patients with positive MAC cultures 
(6), our study has statistically proved the progression 
of bronchiectasis in a group of 25 patients with MAC 
infection. 
In conclusion, our data suggest that centrilobular nod- 
ules and bronchiectasis are frequently observed in patients 
with MAC. In addition, progression of bronchiectasis 
appears to be caused by MAC infection. 
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